T his was a two-stage cross-sectional study that assessed metabolic syndrome and associated factors among prepubertal schoolchildren. In the first stage, nutritional status, blood pressure, personal (low birth weight) and family antecedents for cardiovascular disease (CVD) were collected. In the second stage, schoolchildren with at least one of these criteria participated: obesity, personal or family history. Metabolic syndrome (MS) was defined by ATP III and WHO definitions. Among 929 (6-10 year old) schoolchildren, 27.7% presented with overweight/obesity, 12.2% hypertension, and personal (9.4%) and family (35.3%) antecedents. 205 children finished the second stage. The frequencies of MS-ATP and MS-WHO were 9.3% and 1.9%. Among the obese, MS was present in 25.8% (ATP) and 5.2% (WHO). Children with normal weight presented: low HDL (23.6%), hyperglycaemia (3.6%), HOMA-IR (0.9%) and MS-ATP (0.9%). In conclusion, overweight/obesity was associated with metabolic syndrome in schoolchildren. It was found that children with normal weight with personal and/or family antecedents presented with HOMA-IR and MS-ATP.
Introduction
Atherosclerosis, which is an important cause of death worldwide (accounting for more than 16 million deaths per year), begins during childhood or adolescence but remains a silent process for many years. 1 The possibility of developing cardiovascular disease (CVD) increases with the presence of risk factors such as hypertension, obesity and dyslipidaemia. 2 In addition to these factors, the increased prevalence of chronic diseases during childhood such as obesity, diabetes melli-tus and hypertension has made it important to detect indicators that might warn of and assist in preventing CVD in adulthood.
There has been a trend towards increasing overweight and obesity among children in both developed and developing countries. In Brazil, the speed at which the prevalence of obesity is increasing varies between different geographic regions, social classes, age groups and the sexes. In a National Reference Survey, the prevalence of overweight among Brazilian adolescents was 3.9% among boys and 7.5% among girls in 1974-5. By the years 2002-03, overweight was observed among 18% of boys and 15.4% of girls. The prevalence of obesity among prepubertal children estimated by body mass index (BMI) is around 10%. [3] [4] [5] [6] [7] Metabolic syndrome (MS), also known as insulin resistance syndrome, is recognised as a risk factor for CVD and diabetes among adults. [8] [9] [10] Different definitions exist for metabolic syndrome: the National Cholesterol Education Program Third Adult Treatment Panel (NCEP ATP III) definition 11 is the one most commonly used, but it does not include insulin resistance among its diagnostic criteria. Although metabolic syndrome as defined by the NCEP ATP III and insulin resistance overlap, insulin resistance may contribute as an independent risk factor for CVD. 12 For children and adolescents there is no standardisation of the diagnostic criteria for metabolic syndrome, either regarding the type of classification used or in relation to the cut-off values for each of the factors evaluated, which makes it difficult to determine the prevalence. 13, 14 This variety of definitions is partially due to the changes in growth and development during childhood and adolescence, which make it difficult to choose a cut-off point for risk factors that vary according to age and sex, and partly due to the lack of CVD and diabetes end points in childhood.
Barker proposed that events occurring during intrauterine life have an influence on the risk of developing various diseases (fetal programming), and related intrauterine growth restriction (IUGR) to the risk of developing CVD in adulthood. Since then, several studies have demonstrated an inverse relationship between birth weight and the incidence of glucose intolerance, type 2 diabetes mellitus, arterial hypertension, dyslipidaemia and coronary disease. [15] [16] [17] [18] [19] Although an association is seen between insulin resistance and reduced fetal growth, there is no consensus regarding the appearance of clinical abnormalities during the childhood of such individuals. 20, 21 Another point to emphasise is that individuals with low birth weight who develop obesity during childhood or adulthood have an increased risk of CVD and insulin resistance. 20 The importance of follow-up and investigation among children with parents who have risk factors for CVD can also be mentioned, taking into consideration possible associations of risk factors for CVD between parents and offspring. 2, [22] [23] [24] There are few studies that attempt to correlate all these factors during childhood. The questions of when the possible alterations might arise and what the interrelations between the risk factors for CVD might be also remain unanswered.
The aim of the present study was to identify metabolic syndrome and its associated factors among prepubertal schoolchildren.
Methods

Study population
Schoolchildren aged 6-10 years in the first to fourth grades from public schools representing 98% of all the students in the municipality of Embu (São Paulo), Brazil, were enrolled. For a confidence interval of 95% and variation of 2% around the prevalence, the calculated sample size using Epi-Info 6.01 software 25 was 860 children. The project was approved by the Research Ethics Committee of the Federal University of São Paulo (Unifesp) and by the administrators of the municipal health and education departments. The parents and/or other adults responsible for these children signed an informed consent statement for the children's participation.
This was a two-stage cross-sectional study. During the first stage, schoolboys and girls were evaluated for weight, height and blood pressure. Before the measurements were made, a questionnaire was sent to the person responsible for the child, asking for the following information: 1) in relation to the child's antecedents: birth weight and whether the child had been born prematurely; 2) in relation to family antecedents: presence of obesity, diabetes mellitus, hypertension or hypercholesterolaemia in the parents and early CVD in the parents or grandparents.
For the second stage, the children who presented with obesity, history of low birth weight or family history of CVD were invited to have blood samples taken. The following laboratory tests were carried out on peripheral blood: assays of total cholesterol, low-density lipoprotein cholesterol (LDL), high-density lipoprotein cholesterol (HDL), triglycerides, blood glucose and insulin. The children were called in by means of a communication through the school or by telephone to attend the municipality's primary healthcare unit, the referral unit for the school that the child attended, at a set time and date.
Study procedures
The schoolchildren were weighed on a platform-type balance with a capacity of up to 150 kg. The weight measurement was made with the schoolchildren wearing light clothes and without shoes, standing upright at the centre of the balance with their arms extended down the sides of the body. The height measurement was performed using a measuring tape graduated in millimetres that was attached to a wall, and a wooden setsquare with a lock; it was done with the children in an upright position, without shoes, with their heels together, arms extended down the sides of the body and head positioned parallel to the floor.
Variables and diagnostic criteria
Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured three times in the right arm using a mercury sphygmomanometer, with the schoolchildren in a seated position. The first and fifth Korotkoff sounds were used to represent SBP and DBP, respectively. The mean from the three measurements was used in the analysis. Hypertension was defined as any blood pressure (systolic and/or diastolic) that was greater than or equal to the 95th percentile for age, sex and height using the Fourth National Task Force Report data. 26, 27 The body mass index (BMI), expressed in kg/m 2 using the CDS-NCHS 2000 reference curve, was calculated to assess each child's nutritional state. Children with a BMI below the 5th percentile were considered to be malnourished (underweight); those with a BMI between the 5th and 84th percentiles were considered to have normal weight (healthy weight); those with a BMI between the 85th and 94th percentiles were considered to be overweight; and those with weight greater than or equal to the 95th percentile for the age and sex were considered to be obese. [28] [29] [30] Children born with a weight of less than 2,500 g from a full-term delivery were considered to be small for gestational age (SGA). This cut-off point was chosen in accordance with the Alexander curve, in which all newborns with more than 37 weeks of gestation and a birth weight of less than 2,500 g are situated below the 10th percentile of this curve. 31 The family history was considered to be positive when the parents reported diabetes, arterial hypertension, obesity or hypercholesterolaemia. Since the parents of these children were mostly too young to present with obvious coronary disease, the definition of a positive family history of ORIGINAL ARTICLE Key: CVD = cardiovascular disease; *in 11 cases (1.1%) there was no information on birth weight; BMI = body mass index; P = percentile CVD was taken to include also histories of myocardial infarction or sudden death before the age of 55 years among the grandparents. 32 Blood was collected by means of peripheral venous puncture, following 12 hours of fasting, by a qualified professional. Values of HDL < 40 mg/dL (1.04 mmol/L), fasting plasma glucose > 100 mg/dL (5.5 mmol/L), insulin > 15 mU/mL, total cholesterol > 200 mg/dL (5.2 mmol/L) and triglycerides > 130 mg/dL (1.47 mmol/L) were considered to be abnormal. [32] [33] [34] The degree of insulin resistance (IR) was determined using HOMA (homeostasis model assessment) and calculated according to the following formula: [glucose (mg/dL)/18 x insulin (mUI/ml)]/22.5. IR was defined as present when HOMA > 3.1. 35 The modified definition of metabolic syndrome from the NCEP ATP III (MS-ATP) was used, with the presence of at least three of the following criteria: obesity, arterial hypertension, increased triglycerides, decreased HDL and glucose intolerance. 8, 36, 37 The definition of metabolic syndrome adapted from WHO (MS-WHO) was also used, defined as the presence of IR and two of the following criteria: obesity, increased triglycerides, decreased HDL and arterial hypertension. 8, 38 Statistical analysis To compare the categorical variables, the chi-squared or Fisher test was used, calculated using the Excel 2003 and SPSS 13.0 software. The significance level of 5% (p<0.05) was adopted for all statistical tests. When the calculated pvalue (minimum significance level) allowed the null hypothesis to be rejected, an asterisk was used to identify the finding.
Results
First stage
The characteristics of the schoolchildren evaluated in the first stage of the study, in which 929 children aged six to 10 years (mean 8.4 years) were included, are described in table 1. Among these schoolchildren, there were 328 (35.3%) with some positive family antecedent of CVD, among whom there were 17.3% with hypertension, 8.5% with obesity, 5.9% with hypercholesterolaemia, 3.7% with type 2 diabetes mellitus and 20% with early CVD. All the children with a diagnosis of obesity and/or hypertension were sent for follow-up at the local primary healthcare unit.
Second stage
For the second stage, 414 children who fulfilled at least one of the criteria of obesity, low birth weight or family ORIGINAL ARTICLE antecedents of CVD were called in for evaluation of their metabolic profile. Of these, 205 (49.5%) attended to have the tests done and there was no statistically significant difference between those who did and those who did not attend, in relation to the variables of age, sex and call-up criteria. With regard to nutritional status, 53.7% of the schoolchildren had a normal BMI, 3.9% were malnourished, 14.1% overweight and 28.3% obese. No statistically significant differences between boys and girls were observed between these four groups. The frequency of metabolic syndrome using ATP criteria was 9.3%, while it was 1.9% according to the WHO criteria. Thirteen children (6.3%) were classified as SGA, 12 with adequate nutritional status. In one of those schoolchildren a BMI < P5 was observed. Table 2 describes the frequency of the clinical (arterial hypertension) and laboratory abnormalities associated with metabolic syndrome among the schoolchildren who were evaluated. There were 128 schoolchildren (62.4%) with at least one abnormal test result: the most frequent findings were increased total cholesterol (30.7%), followed by decreased HDL levels (25.4%). Table 3 describes the clinical and laboratory abnormalities, comparing the obese, overweight and obese/overweight children with those with normal BMI (excluding malnourished children). Statistically significant differences were found between the obese schoolchildren and those with normal BMI with regard to arterial hypertension, increased triglycerides, increased cholesterol, abnormal HOMA, increased insulin levels and the frequency of metabolic syndrome (using both ATP and WHO definitions). There was a statistically significant difference between the overweight children and those with normal BMI, with regard to arterial hypertension, abnormal HOMA and metabolic syndrome by the ATP definition. When the schoolchildren classified as obese and overweight were grouped together, the statistically significant differences in relation to the schoolchildren with normal BMI were the same as those observed for the obese children separately. Among the 110 schoolchildren with adequate BMI who attended the second-stage evaluation, increased cholesterol levels and decreased HDL were the most frequent laboratory abnormalities. In this group of children, there were children who had hypertension, laboratory abnormalities, insulin resistance (IR) and metabolic syndrome by the ATP definition.
The children with obesity and overweight/obesity exhibited significantly greater numbers of abnormal laboratory test results (77.1%, p=0.01 and 71.2%, p=0.01, respectively) compared to the children with normal BMI (53.6%). Nonetheless, among the children with normal BMI, around half had at least one abnormal laboratory test result. There was no statistically significant association between the presence of SGA and abnormal test results. ORIGINAL ARTICLE Table 4 Positive family antecedents were more frequently reported for the obese schoolchildren (65.5%) and, among these, hypertension was reported most often (48.2%). Among the schoolchildren with normal BMI, those whose parents had hypercholesterolaemia were the ones who showed greatest numbers of abnormal laboratory test results (76.4%), followed by those with parents with obesity (70.0%) and with diabetes mellitus (60.0%). (These findings were not statistically significant.) Tables 4 and 5 show that overweight and obese children have more risk factors for CVD than non-obese children. The percentage of subjects with one to four factors is higher in obese than non-obese students. There were no differences in risk factors for CVD between the overweight group and the obese, with the exception of increased triglycerides, which were observed more often in the obese than the overweight group.
. Nutritional status and risk factors (1-4) for CVD and metabolic syndrome (ATP) among schoolchildren in the municipality of Embu (SP) -second analytical stage
Discussion
In the first stage of the present study, the nutritional status observed among these children aged 6-10 years from public schools, who were predominantly of low socioeconomic level, reinforced the picture of the period of "nutritional transition" that has been described for this country. There were low frequencies of malnutrition (4.1%) and stunting (5.4%) that contrasted with high rates of overweight (14.4%) and obesity (13.3%). These figures are similar in children between 6 and 11 years old in the US (18.8%) and higher than in the descriptions for this age group in France (6%). [39] [40] [41] [42] In the present study, the children with BMI > P85 accounted for 27.7% of the subjects evaluated.
Also in the first phase, a high frequency of hypertension was observed (12.2%). Epidemiological studies on primary hypertension in childhood and adolescence carried out in Brazil have demonstrated prevalence ranging from 0.8% to 8.2%. As for adults, many of these studies have demonstrated a frequent association between systolic hypertension and overweight or obesity. 34 Interestingly, it was observed that for 35.3% of the schoolchildren there was a family history of risk of CVD; hypertension in one of the parents was the antecedent most frequently reported (17.3%). We believe that the finding of at least one family antecedent among more than one third of the parents of these children, many of these parents being under 40 years old, reiterates the importance of evaluating this risk factor (family history), both to identify children and adolescents who are at risk at an earlier stage and also to give more comprehensive guidance to these families.
Among the obese schoolchildren, the significant association between hypertension and family antecedents of obesity demonstrates the complexity and synergism of genetic and environmental factors in the aetiology of this disease. The study by Reis et al. 2 observed that obese children had five times greater risk for CVD if their parents were also obese. Reis pointed out that determining the risk factors for CVD among children may identify increased risk of CVD among their parents. Since children go to primary healthcare services more commonly than adults, such children might serve as index cases for increased risk among their families. Reis et al. suggest universal screening for risk factors for CVD among children, which would provide an opportunity for interventions for the children and their parents, thereby potentially bringing greater individual and collective benefits.
Significant associations between low birth weight and the other factors evaluated were not observed, probably because of the small sample size. It is also possible that at this age (6-10 years), clinical manifestations are not yet present. In the current study, when the definitions of low birth weight and SGA were separated, it was observed that, despite the limited numbers of children, there was an association between SGA and adequate weight. There are few studies on fetal programming in developing countries, since many institutions in these countries do not keep birth weight files that could be compared with these individuals' health in adulthood. Nevertheless, the theory of fetal origin of cardiovascular risk is expected to be relevant for these countries, with implications for worldwide health. Most children who present with IUGR are born in developing countries, and a worldwide epidemic of obesity and type 2 diabetes is forecast for these countries. 43 In the second stage, the frequency of metabolic syndrome using the ATP definition was greater than metabolic syndrome using the WHO definition among the children analysed (9.3% vs. 1.9%). Among the obese schoolchildren, metabolic syndrome was significantly more frequent according to both definitions, while the rate according to ATP criteria remained higher than that according to WHO criteria (25.9% vs. 8.6%). In contrast, a study among adolescents by Goodman et al. 44 found greater frequency of metabolic syndrome by WHO criteria (8.4%) than metabolic syndrome by ATP criteria (4.2%), although still with greater frequency of both definitions among the obese individuals: 19.5% (ATP) and 38.5% (WHO). It is important to emphasise that 10.3% of the overweight schoolchildren already have metabolic syndrome by the ATP definition: this was statistically more frequent than among the schoolchildren with adequate weight, and these children were first detected through our evaluation and had not previously participated in any health monitoring programme.
The prevalence of metabolic syndrome among children and adolescents varies according to definitions, criteria, age groups and type of population evaluated. According to de Ferranti et al., 37 the prevalence is around 10% among adolescents, while a study by Cook et al. 36 demonstrated a prevalence of metabolic syndrome of 4% among a population of adolescents in the US and almost 30% among those who were overweight. Braunschweig et al. 42 found MS in 5.6% of schoolchildren and in 13.8% of obese subjects. In studies carried out only among obese children, prevalences have been high: 30%, 9 15 .9% for ATP 41 and 42.5% for WHO definitions, 41 and 45-48%. 12 In the present study, the frequency of metabolic syndrome using the ATP definition among children with BMI > P85 was 20.6%. Younger schoolchildren would exhibit a lower prevalence of metabolic syndrome because risk factors such as hypertension, obesity and hypertriglyceridaemia are less prevalent than in an older group that might be exposed also for a longer time to other factors such as sedentary lifestyle, high-calorie foods and tobacco. In addition to the differences in prevalence, there are few studies that evaluate metabolic syndrome among prepubertal children, which makes comparisons with the present study difficult. Increasing obesity and early appearance of type 2 diabetes have contributed towards attention to and concern about the presence of metabolic syndrome among children.
The significant associations with hypertension, hypercholesterolaemia, hypertriglyceridaemia, family antecedents, IR and hyperinsulinaemia among the obese schoolchildren who completed the second stage were in agreement with the descriptions in the literature. They point towards prevention as the principal solution for this disease, which has become a worldwide public health issue. 29, 41 The fact that 53.6% of the children with adequate weight (excluding malnourished children) who were called in because of personal and/or family antecedents already had at least one abnormal test result can be highlighted. Moreover, metabolic syndrome by the ATP definition, IR and hyperinsulinaemia were also observed among these schoolchildren, who did not show other factors and who were therefore not advised to attend healthcare services. These findings demonstrate the relevance of this item when obtaining children's histories for monitoring the risk of CVD.
The present study has certain limitations, particularly with regard to the fact that the information on personal and family antecedents was gathered by means of a questionnaire and was not confirmed clinically or through laboratory tests. Although the choices of criteria and definitions for obesity (BMI), cut-off points for laboratory test values and HOMA were made in accordance with some other studies, the criteria in the literature vary, which may limit the comparability of our findings. Finally, a large number of children did not complete the second stage of the study, but the proportions for each of the criteria were maintained among the schoolchildren who attended.
In conclusion, the results showed that there were high frequencies of obesity and co-morbidities among these prepubertal schoolchildren, and that metabolic abnormalities, IR and metabolic syndrome were detected among normal weight children with personal and/or family antecedents of risk of CVD. The benefits of recognising obesity and co-morbidities, including metabolic syndrome, among a population of schoolchildren, include the possibilities of drawing up guidance strategies regarding prevention for schools and more specifically for advising family members, identifying children with risk factors for CVD and treating individuals who already present with chronic diseases.
New prospective studies will be necessary, including follow-up for these children, investigation of other socioenvironmental factors and studies on schoolchildren who do not exhibit apparent risk factors for CVD, in order to improve understanding of the roles of parental risk factors and birth weight.
